Introduction: Glottic insufficiency which is inability to obtain complete vocal fold approximation during phonation is a common cause for dysphonia. Vocal fold immobility, vocal fold sulcus, presbylaryngis, vocal fold scarring are common causes.
INTRODUCTION
Voice is a critical component of personal identity. A clear, pleasing confident voice conveys the positive impression of an adequate personality. Voice disorder can have a significant influence on vocational, social and emotional adjustment of patients. 1 Glottic insufficiency (GI) is the inability to achieve adequate vocal fold approximation and common causes include vocal cord paresis or palsy, vocal fold scarring, prebylaryngis, sulcus vocalis to name a few. 2 Management protocols would differ from case to case depending on the symptomatology, etiology, examination findings, severity of the insufficiency and lastly patient acceptance and compliance. A detailed history and clinical examination including video laryngoscopy is a must. Auditory-perceptual evaluation parameters like the VHI, 3 grade, roughness, breathiness, asthenia, strain (GRBAS) score and MPT are commonly used and acceptable indices which may help in assessing the severity, decide suitable treatment options and also for treatment monitoring. 4 Management of glottic insufficiency starts with conservative management and speech therapy failing which a surgical intervention may be attempted. Surgical options include two broad categories of treatments which are injection laryngoplasties and laryngeal framework surgeries either singly or in combination. Adjuvant procedures like arytenoid adduction, cricothyroid subluxation may be needed along with framework surgeries.
We have discussed and analyzed a series of surgically treated 30 cases of glottic insufficiency with respect to their etiology, presentation, treatment, and final outcomes.
MATERIALS AND METHODS
The study was conducted for 5 years from 2012 to 2016. It included 30 cases of glottic insufficiency of various etiologies. The selected patients were over 18 years of age and had failed to show significant improvement with conservative management and speech therapy. These patients underwent a rigid video laryngoscopic examination to determine the amount of glottal gap and voice indices including MPT, VHI, and GRBAS score were recorded. All these patients were subjected to suitable medialization procedures as per the etiology, severity and ORIGINAL ARTICLE 1 thyroplasty additionally needed arytenoid adduction intra-operatively owing to the large posterior gap and arytenoid asymmetry (Table 4 ).
All the patients were subjected to a video laryngoscopy and voice analysis using MPT, VHI and GRBAS scores in the immediate postoperative period and then at end of one and three months. Majority of the cases had an improvement of greater than 10 seconds in MPT scores. They also showed good improvement in VHI scores (Tables 5 and 6 ).
We have compared the preoperative mean MPT and VHI scores to that immediate postoperative and then at end of one and three months. Postoperative speech therapy, resolution of edema may be the factors responsible for final improved outcomes ( Fig. 2 and Table 7) .
Majority of the patients had a good and favorable outcome. There were a few cases that had complications or undesired results. A total of 7 patients had postopera- 
OBSERVATIONS AND RESULTS
Our series had a total of 30 cases which comprised of 21 cases of vocal fold immobility, 7 cases of vocal fold sulcus, and 1 case each of vocal fold atrophy and scarring (Fig. 1) . All the patients presented with voice change. Vocal fatigue, strain, range limitation, and breathiness were other symptoms. Only four patients had symptoms suggestive of penetration/aspiration ( Table 1) .
Majority of our cases had MPT scores of 6 to 10 seconds and grade 2 severity on VHI Scores. Patients with vocal fold immobility had comparatively poorer results of MPT and VHI Scores (Tables 2 and 3). A total of 15 patients underwent vocal fold injection with autologous fat and the remaining 15 had a type 1 thyroplasty. One patient who underwent a type IJOPL tive vocal fold edema with is a known occurrence with various medialization procedures. Only one of these had symptoms of airway compromise which settled on conservative management with steroids and voice rest. We had suboptimal results in 4 patients either in the form of under-correction or over-correction. We waited for 3 months for labeling the result as suboptimal. Three of these needed a revision procedure. One patient needed a revision due to implant malposition (Table 8) .
DISCUSSION
Glottic insufficiency is a common contributing factor for dysphonia. Impaired vocal fold approximation adversely affects voice outcome, predisposes to aspiration and has a significant impact on quality on life. Vocal fold immobility, sulcus vocalis, atrophy, scarring, presbylaryngis are common causes which are also seen in our case series.
The patients typically present with voice change. Associated symptoms like vocal fatigue, vocal strain, and restricted voice range may be seen. Many patients present with a breathy voice. A secondary muscle tension dysphonia may add to the voice problems. Swallowing may be affected in a few cases. The inadequate glottic approximation can lead to varying amounts of penetration and aspiration. Four of our patients had symptoms of a cough on water intake. On laryngoscopic examination, all these patients had demonstrable penetration (13.33 %) but no frank aspiration. In a study by Rajaei et al. (n -44) of patients with glottic insufficiency 15.9 % cases had a cough on an intake of clear fluid of which 13.63 % had penetration and 2.27% had aspiration. 5 A rigid Hopkins telescopic laryngoscopic examination preferably with stroboscopy will tell us about the cause for the glottic insufficiency as well as the extent. Voice analysis is the next step for assessment as well as treatment monitoring. Maximum phonation time (MPT) is the maximum time a person can sustain a tone in a single breath after a maximal inspiration. It usually is greater than 15 seconds and classically reduced in patients with glottic insufficiency. 4 GRBAS which measures the overall grade of voice problem, roughness, breathiness, asthenia and strain on a scale of 0-3 is another important perceptual scale for analysis. 4 And lastly the Voice Handicap Index (VHI) which is a quality of life questionnaire consisting of 30 questions dealing with functional, physical and emotional impact of voice disorders. 3 Patients with vocal fold immobility will usually have poorer results on voice analysis compared to other causes of glottic insufficiency probably owing to the larger glottal gap. Comparatively poorer results were seen in our series of patients too. Surgical intervention is warranted if conservative treatment and speech therapy fails. Earlier intervention may be attempted for airway protection in case of aspiration or if there is a serious impact on daily and professional life. There is myriad of treatment options available, but the decision is based on the symptomatology, etiology, severity of glottic insufficiency, the glottal gap, voice analysis, patient preference and anesthesia considerations. Broadly there are two main treatment categories including vocal fold injection and laryngeal framework surgery. Vocal fold injection or injection laryngoplasty is usually indicated for mild to moderate severity. It is the treatment of choice where prognosis for recovery is unclear. It involves the injection of various materials into the subepithelial or the paraglottic space depending on the indication and the material used. Various approaches have been tried ranging from direct microlaryngoscopy to the more recent transcutaneous office approaches. Peroral and per nasal approaches have been tried as office procedures. Various materials can be used which may be short lasting, e.g. gelfoam, hyaluronic acid gel or longer lasting like autologous fat, teflon. 6 We used vocal fold injection in 15 of our patients primarily and in one case after type 1 thyroplasty due to suboptimal results. We used autologous fat using direct microlaryngoscopy under general anesthesia (Fig. 3) . The advantages were easy availability and low cost of material, and long-lasting results. Disadvantages included lack of voice feedback and variable level of correction.
Laryngeal framework surgeries involve placement of implants in the paraglottic space through a window into the thyroid lamina to displace the affected vocal medially for favorable phonatory position and complete glottal closure. Various materials like silastic, gortex, titanium have been used. These surgeries are called medialization thyroplasty or type 1 thyroplasty. 7 We performed type 1 thyroplasties in 15 of our cases using silastic implants (Fig. 4) . The advantages were that the procedure could be done under local anesthesia and the presence of voice feedback for determining the extent of medialization. Limitations were technical difficulties in implant carving and the rare possibility of implant-related The outcome of the surgery can be assessed using a degree of patient satisfaction, voice quality, videolaryngoscopic findings, and voice indices (MPT, GRBAS, VHI). We have used MPT and VHI scores for measuring outcomes and results. The above parameters were measured in the immediate postoperative period and then at the end of one and three months. These were compared to the pre-operative assessment parameters.
Few case series have been found in the literature showing the outcome of patients with glottic insufficiency after laryngeal framework surgeries. We have comparable results of outcome in the 15 patients of ours who underwent framework procedures (Table 9) .
Few complications or untoward results are possible following various medialization procedures.
Vocal fold injection can present with problems like vocal fold edema and airway compromise which usually can be managed conservatively with anti-inflammatory, steroids and voice rest. Rarely an intervention like a tracheostomy or intubation may be needed. Under correction and overcorrection may give suboptimal results. Granulomas have been reported with Teflon injections. Revision may be needed in a few cases. 
